S U M M A R Y Teleseismic P-and PKP-arrival times recorded by a network of 4 0 seismic stations deployed along a 300 km profile across the Adamawa Plateau at the northern end of the Volcanic Line in central Cameroon provide constraints on lithospheric thickness and anisotropy within the subcrustal lithosphere. These data indicate a thinned lithosphere beneath the Central African Shear Zone, where seismologically defined asthenosphere upwells from a depth of about 190 km to about 120 km in a relatively narrow belt. Thus it has only a low-amplitude effect on the observed gravity anomalies; the Bouguer gravity high over the Garoua Rift is consistent with crustal thinning beneath it. An abrupt change of the lithospheric thickness beneath the Northern Boundary Fault correlates with both the topographic relief and a distinct change of the orientation of relatively high-and low-velocity directions, which we infer to be due to anisotropy within the subcrustal lithosphere. This fault may represent an important accretionary suture zone dividing lithospheric blocks that originated in different tectonic settings and acquired different, frozen-in anisotropy.
INTRODUCTION
This paper describes the deep structure of the lithosphere beneath the Adamawa Plateua, a post-Cretaceous uplifted region on the north-eastern side of the Cameroon Volcanic Line. Although the oldest exposed intrusives show ages of 35-65Ma, large quantities of basaltic rocks have erupted along the whole length of the volcanic chain in the last 10 Ma; the most recent eruption on Mount Cameroon was in 1982 (Stuart et al. 1985) . The basement rocks of the Plateau are cut by the West African rift system (Fitton 1983) , which can be traced as a series of faults and mylonite zones eastward as the Central African rift system to the western Sudan (Louis 1970) . According to D e Almeida & Black (1967) the shear zone originated in pre-Cretaceous time, during initial phases of the opening of the South Atlantic, and resulted in a series of subsiding grabens and elongated basins, such as the Djerem-Mbere Basin in the Adamawa region.
By an analysis of teleseismic P-and PKP-arrival times, the following subjects were addressed: (1) the lithospheric thickness and its changes across the Garoua and Djerem-Mbere rifts (Fig. l ) ; and (2) differences in anisotropy within the lithosphere on both sides of the Northern Boundary Fault (NBF).
DATA A N D METHODS
Teleseismic P-and PKP-arrival times, recorded by 40 vertical short-period stations deployed over a five-month period (Dorbath et al. 1986) , provide the basis for this study of the deep lithospheric structure in central Cameroon. T h e region extends from the Garoua Rift in the north through the Adamawa Plateau to Djerem-Mbere in the south (Fig. l) . The relative arrival times recorded during the experiment, from November 1983 to March 1984, were measured by waveform matching across the network, with errors smaller than 0.05s, and then were converted into absolute traveltimes using the arrival time a t the station with the clearest onset of an event. Dorbath et al. (1986) analysed these data by the traditional 3-D inversion technique (Aki, Christofferson & Husebye 1977) and plotted variations of the residuals along a N-S profile for different epicentral regions.
In this paper, a different tomographic method (e.g. BabuSka, Plomerovi & Sileny 1984, 1987a; BabuSka, Plomerovi & PajduSak 1988) is applied to the same data set, supplemented by the arrival times recorded at a nearby seismological observatory at Bangui (station codes BNG and BCAO). Unlike the traditional 3-D inversions, which use an a priori block partition of regions and assume only isotropic wave propagation (BabuSka et al. 1990) , the method used in this paper maps the high-and low-velocity regions without the a priori defined block boundaries and shows the P-wave anisotropy in the uppermost mantle. The tomographic method applied here estimates the depth of seismologically defined lithosphere-asthenosphere transition and maps the orientations of high-velocity directions within it from two components of the relative residuals, that are computed at each station (i): (1) a directionally independent average, a so-called representative average, R;; and (2) azimuthincidence-angle dependent terms R,,,, where index k stands for the kth source region. The 131 earthquakes from which the P waves were recorded were divided into 38 source regions, each of which is a segment with a size of 10" in epicentral distance and 20" in azimuth from the centre of the network at 7S0N, 13.9"E. The representative average residuals R , = l / N C R,., are computed from steeply incident waves, which arrive from all azimuth intervals (k). Values R,,, = l/N,C R,, are average residuals from events in individual source regions (k denotes a source region with N, events, labelled j). The method exploits lateral variations of R, to estimate lateral variations of the lithospheric thickness. The directional terms R,,,, computed as differences between the relative residuals R,., and the directional average R; for the station (BabuSka et al. 1988) are plotted on a stereographic projection for each station. This procedure emphasizes spatial variations of the relative (normalized) residuals and maps regions with similar orientations of relatively high and low velocities in the lithosphere.
A refraction study in the same area provides information on the crustal structure (Stuart et al. 1985) . The main result is the large difference of the depth of the Moho (M) discontinuity between the northern part of the region, where the crustal thicknesses d o not exceed 23 km, and the southern part, i.e. the Adamawa Plateau, where the crust is about 33 km thick. The data d o not constrain, however, the details of how the change in crustal thickness occurs. Therefore, two models of t h e relief of the M discontinuity were used to calculate the crustal corrections that are introduced to minimize crustal effects beneath stations. In Model A the change is smooth and takes place between stations 14 and 5 (see Fig. 1 ); in model B the change is abrupt and coincides with the northern edge of the Plateau, between stations 14 and 1.
Computation of tbe relative residuals, often described as a normalization of the residuals, needs a reference level. Several systems of reference stations have been tested. The mean absolute residual calculated for each event over 15 stations (see Fig. 1 , underlined stations) was chosen as the most stable (see also Dorbath et al. 1986) and least affected by a directional dependence (see Section 5). We used only those events for which the reference base was formed by at least 10 of the 15 reference stations. Details of the P-residual method are discussed, for example, in BabuSka et al. (1984, 1987a, 1988) .
High-quality measurements of correlated P K P arrivals over the array allowed us to modify the method that was, originally, developed for P arrivals; we can thereby obtain an independent estimate of the lithosphere-asthenosphere relief from subvertical arrivals. The azimuth-epicentraldistance distribution of 59 P K P sources is less homogeneous than that for P waves, but this is not critical owing t o the very steep incidence of PKP. The P K P sources were grouped into segments that concentrate around azimuths of 45" and 135". Stuart et al. (1985) compiled Bouguer gravity anomalies along a profile more than 500 km long and trending N-S in its northern half and NNW-SSE in its southernmost part (see Fig. 1 ). Following Talwani, Worzel & Landisman (1959) , and assuming two-dimensionality, we calculated theoretical gravity anomalies for structures with boundaries separating media of different densities, i.e. sediments, crust. lower lithosphere and asthenosphere. These zones are shown with density contrasts relative to normal crustal materials. The input data for the initial model are the sediment thicknesses and the M-discontinuity relief (Stuart et al. 1985) , which include a step of 10 km along the profile (see Figs 5 and 9 ). The starting model is enlarged here in comparison with traditional crustal gravity modelling by incorporating the relief of the lithosphere-asthenosphere transition derived from P-wave delay times (see Section 3). Fairhead & Reeves (1977) presented a tentative lithospheric thickness map of the African continent based on the interpretation of teleseismic delay times and regional Bouguer gravity anomalies. As in previous surface-wave studies (Knopoff & Schlue 1972; Long et al. 1972; Dorbath & Montagner 1983) , P residuals indicated that the African lithosphere-asthenosphere transition varies considerably in depth. A s most seismological stations are close to seismically active zones, the large-scale map of lithospheric thickness also was derived (Fairhead & Reeves, 1977) from residuals predicted from the theory of isostasy, according to which the variations in thicknesses of a low-density and a presumed low P-velocity compensating body should be reflected in the teleseismic delay-time data. Undulations of the lithosphere-asthenosphere transition seem to be more pronounced in the south-eastern part of Africa, whereas the lithosphere in the central and north-western parts is estimated as being thicker, on average, and flatter at its base (Fairhead & Reeves, 1977) .
MODEL O F LITHOSPHERE THICKNESS
Lithospheric thicknesses presented here are limited t o a much smaller region, approximately 200 X 400 km, situated north-westward of Bangui (BNG) seismological observatory (see Fig. l ) , which we use as a reference station for computing lithospheric thickness. Fig. 2 shows the distribution of the directionally independent averages (Ri) computed for P and P K P waves (Table 1 ). The distribution is fairly consistent for both types of waves: the three northernmost stations of the array and all the stations south of the Northern Boundary Fault (NBF) have negativerepresentative average residuals, whereas the stations north of the fault in the central part of the array have slightly positive residuals. The residuals range from -0.6 s to +0.3 S. This difference of almost 1 s exceeds by an order of magnitude the common mean errors of the residuals (Table 1) within the array.
Because we work with the relative residuals corrected for crustal effects. the effects of lateral variations in velocity in deep mantle paths and focal regions are minimized by the normalization (e.g. BabuSka et al. 1984) , and sources of residual variations are thought to originate in the upper mantle. This is supported by the practically identical patterns of Ri over the array for both P and P K P waves, whose deep-mantle paths and focal regions differ substantially. For example, the P and P K P waves with the closest ray paths at the surface, i.e. those arriving in the same azimuth with incidence angles of 20" and So, respectively, are at depths of approximately 300 km that are 120 km apart in horizontal direction. The high degree of conformity of the P and PKP residuals (Table 1 and Fig. 2 ) strongly supports the idea that the source of the lateral variations on the representative average residuals is a consequence of velocity variations in the upper mantle, not very deep beneath the array. Fairhead & Reeves (1977) assumed that one-third of the delay time variation arose from a 5 per cent negative velocity contrast between the lithosphere and asthenosphere. Similar to Poupinet (1979) and according to a seismological definition of the lithosphere (Sacks & Snoke 1984) we converted lateral variations of the directionally independent representative averages l?; into a model with variable lithospheric thickness. We applied here a gradient of 9.4 kml0.l S for a residual-lithospheric-thickness relation, derived originally for Europe (e.g. BabuSka et al. 1987a, 1988) . This relation assumes that effects of lateral variations of the average velocity in the entire subcrustal lithosphere are much smaller than the effects arising from variations in lithospheric thickness, i.e. that they occur mainly as a consequence of a negative velocity contrast between the lithosphere and asthenosphere. No assumptions on the velocity-depth distribution or on the lithosphereasthenosphere velocity contrast were made. A lithospheric thickness of 225 km beneath the BNG station (Fairhead & Reeves 1977) was taken as a reference depth for a model of the lithosphere-asthenosphere transition in the Adamawa region derived from the P residuals (Table 1 and Fig. 2) . A mean error in the residuals of f 0.1 s corresponds approximately to a 10 km error in the inferred lithospheric thickness. Although the mean errors in residuals can be several hundredths (Table 1) of a second only, the real error in estimates of the lithospheric thickness is surely greater than the corresponding statistical error. In computing the relief on the bottom of the lithosphere from P K P waves we were not able to use the BNG station as a reference station owing to the lack of P K P arrivals reported to the ISC. Therefore, we fixed our relative scales for PKP and P waves at station 16, which is located in the central part of the array, with a flat lithospheric base (see the residuals in Fig. 2 ), and has a full azimuthal coverage of events and a small mean error for l?; (see Table 1 ). T o assure that the results are not influenced by a possible misidentification among the core phases, we repeated the calculations with a limit on epicentral distance (DIST< Table 1 .
140") and changed the grouping of events. No substantial effects on the residuals, and consequentially on lithospheric thickness, were found (see Table 1 ). Figure 2 shows that the relief of the lithosphereasthenosphere transition is shallower and flatter north of the Northern Boundary Fault (NBF) than in the northernmost part of the array. South of the NBF, the lithosphere is again substantially thicker. It is impossible to draw the contours for lithospheric thickness in the region reliably owing to the narrow, elongated shape of the array. Therefore, we demonstrate the undulation of the lithosphereasthenosphere transition on several profiles (see Fig. 1 The width of the asthenosphere upwelling depends strongly on the crustal model used (Fig. 3) . Model A, which considers a smooth change of the crustal thickness across the NBF, broadens the upwelling to the south in comparison with Model B, where an abrupt change of crustal thickness is used. Taking into consideration the topography (Stuart et al. 1985) and the tectonic development of the region, as well as a pattern of the spatial variations of the residuals (see Section 5, Figs 7-9), Model B seems to be more probable than Model A. However, the gravity modelling in the following section offers another crustal model, referred to as a Model C, through which we achieve a closer fit of the computed and observed Bouguer anomalies (see Fig. 5 ).
Generally, there are only small deviations in the depths of the lithosphere-asthenosphere transition determined from the PKP residuals as compared with the model derived from the P residuals (Fig. 4) . However, there is a remarkable misfit of the depths (about 17 km), which should not be ignored as it is observed for a pair of the most reliably determined values. This deviation between the models derived from P (models A and B) and PKP residuals (models A' and B') occurred for Station 1, situated very close to the south side of the NBF. The lithospheric models A' and B' use crustal models A and B, respectively. It Fig. 1 ). Model C, with a smooth change in the M discontinuity mainly to the north of the NBF and proposed during the gravity modelling, is marked by pulses and squares interpolated by the dot-dash line and curve (see text and captions to Figs 3 and 6b).
seems that the lithosphere beneath Station 1 derived from PKP residuals is too thin in comparison with other values. This is evident in models A and A', where there is broader lithosphere shallowing beneath the central part of the array. For A' the value of 108 f 2 km beneath Station 1 is significantly above'the level determined for surrounding stations, where the lithosphere-asthenosphere transition is at depths between 155 and 123 km beneath stations 14, 15, 16 and 17 to the north, and between 127 and 130 km beneath stations 2, 4 and 8 to the south (Table l) . We assume that the most probable cause of the discrepancy can be attributed to a non-vertical and complex continuation of the fault through the lithosphere, which thus affects very steep PKP differently from the less steep P waves that are incident from many azimuths.
GRAVITY MODELLING
The input data for a starting model along a profile located as closely as possible to the gravity profile in order to compute the Bouguer gravity anomalies are the relief of the M discontinuity (Moho) from Stuart et al. (1985) , and the depth of the lithosphere-asthenosphere transition from Fig.  5 (see also Fig. 9 ). Density contrasts of 300 kg m-' between the crust and the subcrustal lithosphere, and -40 kg m-" between the lower lithosphere and asthenosphere were introduced into Model B (Fig. 6a) . We need to explain by use of the model the approximately 100 mGal difference in the Bouguer anomaly observed north and south of the NBF. Fig. 6(a) demonstrates how the individual density zones of Model B contribute t o the total gravity anomaly. Without taking into consideration effects of sediments beneath the northernmost part of the profile, the proposed crustal model B shows that the amplitude of the change of the observed Bouguer anomaly can be explained by the 10 km change in the M-discontinuity depth (e.g. Stuart et al. 1985) . Although the shallowing of the lithosphere-asthenosphere transition is about 70 km, because it is narrow the resulting longwavelength negative effect has very low amplitude (=20mGal, Fig. 6a) . Some of the short-wavelength misfit between the observed gravity anomaly and the computed anomaly (Moho + asthenosphere curve) can be improved by incorporating the rift sediments, with an average density of -300 kg m-"relative to the upper crust. As the crustal effects are dominant in the gravity modelling due to a large density contrast, we proposed a new crustal model (Fig. 6b) in which the configuration of the M discontinuity (Moho) is the only significant change from Model B. Instead of the abrupt change with depth, a smooth shallowing of the M discontinuity, slightly shifted to the north relative t o the lithosphere-asthenosphere upwelling, was introduced. We refer t o this model as crustal model C. The resulting computed gravity anomaly curve fits the observed Bouguer anomalies well (Fig. 6b) .
As the crustal models A and B (see Section 3) used in residual computations affect the relief of the lithosphereasthenosphere transition, namely the shape of its southern upwelling, we recomputed the residuals with the use of crustal corrections in Model C, which, contrary t o Model A , smooths the abrupt change of the M discontinuity (Model B) to the north. As in the gravity modelling only the depths of the M discontinuity were changed (see Fig. 5 ); velocities and sediment thicknesses remained the same as in models A and B. The resulting model of the lithosphereasthenosphere transition is smoother beneath the NBF than in the model that uses crustal model B , with an abrupt change of a depth of the M discontinuity beneath the NBF (Figs 5 and 6b ).
An upwelling of the asthenosphere beneath rift regions is a typical phenomenon (e.g. the East African Rift, see Dahlheim, Davis & Achauer 1989) . However, in the case of the Garoua Rift, the upwelling zone is very narrow. Whereas the crust-mantle boundary marks a compositional change, the lithosphere-asthenosphere transition is controlled by temperature and its effects on melting. Therefore, the age of the region can play an important role in the development of the lower boundary of the lithosphere. The Garoua Rift belongs to an old Cretaceous rift system running through South America, the Atlantic Ocean and Africa. As a result of cooling, the asthenosphere upwelling beneath old rifts would be attenuated. Therefore, the original upwelling was undoubtedly larger than that seen today through seismic delay-time methods. Dorbath et al. (1986) found marked azimuthal variations of the relative residuals at both flanks of the array. The northern stations showed the most negative residuals between azimuths 0" and 60" and positive ones between 60" and 110". Contrary to these observations, the southern stations showed the most negative residuals for southerly events. Twenty-one stations in the central part of the array had a much reduced or absent azimuthal variation.
SPATIAL VELOCITY VARIATIONS BENEATH THE A R R A Y
Spatial variations of the residuals in dependence both on azimuths and epicentral distances, are depicted in Fig. 7 , where the azimuth-incidence-angle dependent terms, R~.~, of the relative residuals are plotted in dependence on the azimuth and incidence angles at which P waves are assumed to arrive at the M discontinuity. Considering this map alongside selected examples of diagrams and in detail for all the diagrams of stations in the central part of the array (Fig. S) , we can see that the residual pattern changes relatively abruptly between stations 16 and 1. The change in orientation is limited to the close vicinity of the NBF, which separates the regions with opposite residual patterns. Sample diagrams of spatial variations of the azimuthincidence-angle dependent terms Ri,, of the P residuals plotted on a tectonic sketch map of the region around the array. Crosses denote positive values (i.e. late arrivals which indicate relatively low-velocity directions), and minuses denote negative values (i.e. early arrivals which indicate high-velocity directions). The size of the signs is proportional to the residual. The outer circle corresponds to an incidence angle of 50°, i.e. to epicentral distances of about 20°, the inner circle marks the 20" incidences at the M discontinuity at a reference depth of 33 km, with _corresponding epicentral distances of 100". A directional average R, represents a zero level at each diagram. The residual pattern changes close to the Northern Boundary Fault (NBF).
In Section 3 we showed (Fig. 3) how the crustal models used to correct the effects of the crustal part of the lithosphere affect the lithospheric thickness models of the region. Contrary to this, we found n o dependence of the residual pattern on the crustal model used. The diagrams are identical, even for the stations in the close vicinity of the NBF. This means that the residual patterns (Figs 7-9) d o express variations of the high P-velocity directions in the subcrustal lithosphere and that the effects of inhomogeneities either located in the crust or those that occur as a result of undulations of the lithosphere-asthenosphere transition are successfully minimized (BabuSka et al. 1990 ). 
DISCUSSION A N D CONCLUSIONS
The tomographic study of the lithosphere beneath central Cameroon presented in Sections 3-5 showed that both the lithospheric thickness itself and the structure of its subcrustal part in relation to the orientation of the high-and low-velocity directions change in the close vicinity of the NBF. As the crustal thickness and the P velocities within the crust are relatively well determined for the investigated region (Stuart et al. 1985) , we have used corrections to reduce the crustal effects. The observed variations of the P and P K P residuals are so large that only a small part can be explained by residuary (non-corrected) crustal effects, and their main source has to be sought in the mantle. As we observe the residual changes in the close vicinity of the Northern Boundary Fault, the effects cannot be situated too deep in the mantle. This is strongly supported by the fact that we observe approximately the same lateral variations of the static term (directionally independent averages Ri) for both P and P K P residuals, whose ray paths differ substantially in deeper parts of the mantle. Therefore, we assume most of the sources of the observed anomalies to be within the subcrustal lithosphere.
We emphasize that we use the same high-quality data as Dorbath et al. (1986) , but we analyse them differently (see Section 2). The analysis of Dorbath et al. (1986) is based on azimuthal variations of the relative residuals and the traditional 3-D P-residual inversion. They divided the crust and uppermost mantle of the region into three blocks separated by subvertical boundaries striking E N E and reaching to depths greater than 190 km. The central block, which was over 100 km in width and had lower velocities by about 2 per cent compared with the adjacent blocks, roughly corresponds to the Central African Shear Zone.
In this paper we convert P-residual variations into lateral variations of the lithosphere-asthenosphere transition and Figure 9 . Cross-section through lithospheric model B, with Bouguer gravity profile (see Fig. 5 ). topography and the M discontinuity shown with a step of 10 km (from Stuart et al. 1985) . The diagrams show examples of nearly opposite residual patterns (see Fig. 7 caption) for stations situated in blocks displaying different orientations of the inclined high-and low-velocity directions in the subcrustal lithosphere; marked schematically by long arrows with an angle of about 45". Both blocks are separated by the Northern Boundary Fault (NBF); marked schematically by the steeply dipping stippled zone.
into inclined high-and low-velocity directions in the subcrustal lithosphere. Fig. 9 shows a cross-section through the model of the subcrustal lithosphere, in which the highand low-velocity directions satisfying the observed spatial (1986) . The width of the lithospheric thinning depends on the crustal model used (see Section 3). Model B, with an abrupt depth change in the M discontinuity close to the NBF, produces a more narrow asthenospheric upwelling, whereas the smooth crustalthickness change (Model A ) makes it slightly broader and shifts its southern boundary from the close vicinity of the NBF about 50 km farther south, to a region of the proposed boundary between the central low-velocity and the southern high-velocity blocks (Dorbath et al. 1986 ). This means that the model of lithospheric thickness presented here, with the expressive narrow thinning beneath the central part of the array which coincides approximately with the Central African Shear Zone, refines the three-block lithospheric model of Dorbath et al. (1986) . On the other hand, spatial variations of the azimuthincidence-angle dependent terms of the residuals (Figs 7-9 ) distinguished only two provinces with different-nearly o p p o s i t~r i e n t a t i o n s of high P-velocity directions. A boundary between these two regions coincides with the NBF, and its location is independent of the crustal model used. In the southern block the high P velocities dip to the south, in the northern block to the north. The blocks, which also differ in crustal and whole-lithospheric thicknesses, are separated by a relatively narrow zone that is shown to cut the entire lithosphere (Fig. 9) . The findings point out the importance of the NBF and, together with the topographic relief, they indicate a preference for crustal model B (as opposed to Model A), with a more abrupt change of the M-discontinuity depth. A further modification based on gravity modelling (Model C) shows the crustal structure of the north side of the Garoua Rift to be more symmetrical with the south side (Fig. 6b) . It seems that spatial variations of the azimuth-incidence-angle dependent terms of the residuals produce more detailed information on the inner structure of the subcrustal lithosphere than the azimuthal variations of the residuals, in which effects arising from inhomogeneities, such as the low-velocity central block, can suppress such information.
The most plausible explanation of the observed directional dependence of P velocities is a large-scale seismic anisotropy in the subcrustal lithosphere. An estimate of the anisotropy coefficient in the subcrustal lithosphere was based on rays that illuminate the lithosphere in opposite directions (e.g. see BabuSka et al. 1984). We found only 2-5 per cent P-wave anisotropy, which explains the residual differences if we take into account the length of rays in the subcrustal lithosphere. The anisotropy has the inclined maximum P-velocity directions pointing t o the south in provinces south of the NBF and to the north for northern provinces. An angle of 45" was taken to show schematically a dip angle for the maximum P-velocity direction (Fig. 9) . The anisotropy coefficient found in the subcrustal lithosphere beneath central Cameroon is relatively low in comparison with values found in several regions in Europe (BabuSka et al. 1984; BabuSka, Plomerovi & Spasov 1987b) .
We have attempted to explain all the residual variations by the anisotropy only (P. Molnar, private communication, 1992) . This consideration assumes no lateral variations of the lithospheric thickness, and the 0.7 S delay at the central part of the array relative to arrivals in its northern and southern flanks (Fig. 2) is explained only by reorientation of anisotropic structures in the 160km thick subcrustal lithosphere. A t least 6.3 per cent anisotropy is needed to fit the delays if the high-velocity directions are horizontal beneath the central part of the array, and inclined to the south in its southern part and t o the north in its northern part (Fig. 9 ). This value, however, is higher than that indicated from azimuth-incidence-angle dependent terms. Only subvertically oriented, high-velocity directions explain, in combination with subhorizontal ones, the delay for a weaker anisotropy of 3.7 per cent. Such orientations of anisotropic structures, however, d o not fit the observed pattern (Figs 7-9 ) of the directional terms of the residuals (BabuSka, Plomerovi & Sileng 1993) .
A preferred orientation of olivine grains, which originated in early stages of the creation of the oceanic lithosphere, is the most probable cause of the anisotropic structure of the subcrustal lithosphere. It is assumed that the original olivine orientation is preserved during the subduction of the oceanic lithosphere, from which an old continental nucleus grew in the past (BabuSka & Plomerovi 1989) . The different orientations of P velocities in the subcrustal lithosphere beneath the southern and the northerm part of the region thus indicate that both blocks probably originated in different tectonic settings and different regions, before coming together. The West African rift system may thus represent a reopening of the African Plate along an old accretionary suture zone (Fairhead & Binks 1991) . The existence of such an old suture is supported by palaeomagnetic data for Pangea for Permian t o Jurassic time (Smith & Livermore 1991) . The data suggest that Africa must be broken into at least two fragments along the Benue Trough and its northern continuation.
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